Twelve treponemes with serpentine morphology were isolated from pigs and dogs and were compared with strain B78, the type strain of Treponema hyodysenteriae H a r r i s et al. Nine of the 12 were isolated from cases of swine dysentery, and these were similar in characteristics to strain B78. The three other isolates were not enteropathogenic for swine and could be differentiated from the aforementioned nine isolates on the basis of enteropathogenicity, hemolytic pattern, deoxyribonucleic acid homology, fructose fermentation, and indole production. The morphological and metabolic characters of the 12 isolates and an emended description of strain B78, the type strain of T. hyodysenteriae, are presented in this report. Based on these data, the nonpathogenic types are regarded as belonging to a new species, Treponema innocens. The type strain of T. innocens is strain B256 (=ATCC 29796).
Twelve treponemes with serpentine morphology were isolated from pigs and dogs and were compared with strain B78, the type strain of Treponema hyodysenteriae H a r r i s et al. Nine of the 12 were isolated from cases of swine dysentery, and these were similar in characteristics to strain B78. The three other isolates were not enteropathogenic for swine and could be differentiated from the aforementioned nine isolates on the basis of enteropathogenicity, hemolytic pattern, deoxyribonucleic acid homology, fructose fermentation, and indole production. The morphological and metabolic characters of the 12 isolates and an emended description of strain B78, the type strain of T. hyodysenteriae, are presented in this report. Based on these data, the nonpathogenic types are regarded as belonging to a new species, Treponema innocens. The type strain of T. innocens is strain B256 (=ATCC 29796).
In 1971 Taylor and Alexander (20) isolated two types of treponemes from the colons of pigs with swine dysentery (SD). Isolate A-1 of the fmt type caused signs and lesions typical of SD when inoculated orally into susceptible pigs. Isolate A-1 produced complete hemolysis on equine blood agar plates and was resistant to tylosin and erythromycin. The isolation of "beta"-hemolytic treponemes in cases of SD was subsequently confirmed (1, 5, 6) . Strain B78 was further characterized and was regarded as a member of a new species, Treponema hyodysenteriae, by H a r r i s et al. (5), who described this organism as follows: weakly gram-negative, loosely coiled, serpentine cells 0.32 to 0.38 pm in diameter and 6.0 to 8.5 pm long; motile by means of seven to nine axial flagella; hemolytic; anaerobic metabolism; oxidase negative, catalase negative; produced minor amounts of acetic acid from glucose.
Taylor and Alexander's (20) second type of treponemal isolate, designated isolate 4/71, was morphologically identical to isolate A-1 and was present in their source of pigs, which were free of SD. Furthermore, susceptible pigs inoculated with isolate 4/71 remained clinically normal. Isolate 4/71 could be differentiated from isolate A-1 by its "less hemolytic" pattern on blood agar and its susceptibility to tylosin and erythromycin. Recently, the presence of these nonpathogenic types of 2 ' . hyodysenteriae has been reported in 20 to 40% of clinically normal swine from eight midwestern U.S. herds (13) and in normal and diarrheic dogs (12, 13 ' CCM, Czechoslovak Collection of Microorganisms, Brno, Czechoslovakia.
Taylor, University of Glasgow, Glasgow, Scotland.
of preparation, inoculation, and scoring test results were based on the methods presented in the Anaerobe Laboratory Manual (lo), with the major exception of TSB-FCS as the basal medium rather than peptone yeast broth. Other exceptions were as follows.
(i) Esculin hydrolysis. TSB-esculin was supplemented with only 0.5% FCS since 10% FCS completely hydrolyzed esculin. The amount of esculin hydrolysis in cultures was determined by serial dilution of inoculated and uninoculated media after 4, 6, and 8 days of incubation. Reagent was immediately added to each dilution and the reaction was recorded (black color indicated hydrolysis). Esculin hydrolysis in uninoculated media and in esculin-negative cultures was observed only in the undiluted broth, whereas e d i npositive cultures produced hydrolysis at a dilution of 1:8.
(ii) Sodium hippurate. For the detection of hippurate hydrolysis, 1% sodium hippurate was added to TSB-FCS. An uninoculated control was set up with each inoculated TSB-FCS-hippurate culture. After the incubation period, 1-ml amounts of uninoculated control medium were titrated with 0.1,0.2,0.3,0.4,0.5, 0.6, or 0.7 ml of sodium hippurate reagent (ferric chloride). The minimum amount of reagent (usually 0.5 or 0.6 ml) which resulted in a clear uninoculated control was added to the culture. The presence of a brown precipitate was recorded as hydrolysis.
(iii) pH. The pH of incubated uninoculated media under COZ was 6.2 f 0.2. Cultures were recorded as positive for acid production from a given carbohydrate if the pH was at least 0.25 unit lower than the pH of uninoculated media. The typical acid reaction in glucose was 5.9.
Hemolysis. Isolates were described and recorded as beta-hemolytic or "weakly beta"-hemolytic (12, 20) . The beta-hemolytic reaction associated with pathogenic strains of T. hyodysenteriae has a discrete, defined edge and usually is readily apparent after 2 to 4 days of incubation. The weakly beta reaction associated with nonpathogenic strains of T. hyodysenteriae is less intense, has a poorly defined edge, and frequently is not apparent until after 6 days of incubation. Both organisms are usually macroscopically evident only by the hemolysis they produce. The surface growth of young cultures is in the form of a slight film usually without individual, distinct colonies.
Gas chromatography. Cultures of the isolates in TSB-FCS, in TSB-FCS-glucose, -frutose, or -mdtme, and in TSB-FCS-lactate, -pyruvate, and -theonhe were analyzed for the production of alcohols, volatile fatty acids, and nonvolatile fatty acids by the method described by Holdeman et al. (10) by use of a Varian Aerograph (Varian Aerograph, Walnut Creek, Calif.) thermal conductivity gas chromatograph.
Uninoculated control media, TSB-FCS, and TSB-FCS-glucose were also analyzed and found to contain acetic and lactic acids. Peak heights of uninoculated control media were subtracted from peak heights of cultures in TSB-FCS and TSB-FCS-glucose. Peak heights of lactic and pyruvic acids in cultures of organisms in TSB-FCS-lactate or -pyruvate were compared with uninoculated control media. Disappearance of lactate and pyruvate were recorded as utilization of the fatty acid substrate by cultures.
Conversion of threonine to propionic acid was determined by comparison of propionic acid peaks from culture in TSB-FCS-threonine with those from culture
Gaseous products of the isolates were analyzed by gas chromatography by injecting atmospheres above TSB-FCS cultures (grown under deoxygenated, prepurified Nz) into a GC-2A gas chromatograph (Beckman) and a respiration and blood gas analyzer (Loenco). The Beckman instrument was operated at a column temperature of 40°C and a detector current of 150 mA and with a stainless-steel column A tuberculin syringe was used to obtain and inject the samples. It was rinsed with NZ before insertion through the stoppers of culture tubes, rinsed five times with the atmosphere above cultures, and withdrawn with 800 pl of gas. Three-hundred-micro1iter;samples were injected after the needle had been flushed with the excess atmosphere in the syringe. Peaks were identified according to retention time as compared with standards of pure and mixed-gas standards injected daily. Atmospheres above uninoculated control TSB supplemented with FCS contained no HP and small quantities of COZ.
Enteropathogenicity. The method of testing for the enteropathogenicity of these isolates has been previously reported (12) . At the time of that report, T. hyodysenteriae strain B259 (beta-hemolytic) had not produced SD in either of two pigs inoculated in a single attempt to determine enteropathogenicity. In a subsequent trial using higher numbers of the organism (102 X lo9 colony-forming units/pig compared to 1.8
x lo9 in the previous trial), isolate B259 produced typical signs and lesions of SD in the two pigs inoculated.
Electron microscopy. Electron microscope observations of phosphotungstic acid-negative stains were made on a Hitachi Hu-11A electron microscope at 50 kV. Contact 
RESULTS

All pathogenic isolates of T. hyodysenteriae
were beta-hemolytic, whereas all nonpathogenic isolates were weakly beta-hemolytic (see Fig. 1 culin, sucrose, and mannib1 fermentation; lecithinase, lipase, oxidase, catalase, urease, and acetymethylcarbinol production; and for growth at 25 and 3OoC and in the presence of 1% glycine. Characteristics which varied from isolate to isolate are presented in Table 2 .
Essentially all isolates were positive for pyruvate utilization and iodoacetate tolerance and negative for gelatin and hippurate hydrolysis, H2S production, nitrate reduction, and lactate utilization. Four characteristics (also presented in Table 2 ) -enteropathogenicity, hemolytic pattern, fructose fermentation, and indole production-are useful in separating pathogenic from nonpathogenic isolates of T. hyodysenteriae.
All of the isolates studied produced minor amounts of acetic and butyric acids. Occasionally, unidentified dcohols were detected in isolates B140, Puppy, and 4/71. All pathogenic and nonpathogenic T. hyodysenteriae isolates produced moderate quantities of both H2 and COZ as determined by gas chromatographic analysis of the atmosphere above the cultures.
Morphologically, pathogenic and nonpathogenic isolates of 2 ' . hyodysenteriae appear very similar. The results of electron microscope measurements are presented in Table 3 . There were no statistically significant differences between the cell sizes of pathogenic and nonpathogenic strains of T. hyodysenteriae in negatively stained electron microscope preparations. Pathogenic isolate B204 and nonpathogenic isolate B256 appeared identical when carbol fuchsinstained cells of each were examined by light microscopy (see Fig. 2 and 3) .
DISCUSSION
The role of T. hyodysenteriae in the etiology of SD has been recognized, and the enterpathogenicity of isolates for conventional, specificpathogen-free (12), and gnotobiotic (2) swine has been widely reported (1, 3, 5, 8, 12, 20) . This increased awareness of the importance of T. hyodysenteriae in SD has brought about a change in the techniques used for diagnosis of the disease. Establishment of the presence of the causative agent (pathogenic type of T. hyodysenteriae) by any of several techniques (4,13,15 ) is recommended. The most reliable technique is selective isolation and identification of the organism because of the ubiquitous nature of the morphologically similar, indigenous, nonpathogenic type of T. hyodysenteriae. Both pathogens and nonpathogens grow on TSA-S400 selective medium. The nonpathogens are normally present in very low numbers ( lo2 to lo4 colony-forming units/g) in the intestinal contents and tissue of swine (13). However, Hudson et al., using specific antisera in a fluorescent-antibody test, have noted increased numbers of these organisms in swine experiencing diarrhea unrelated to swine dysentery (7). This is diagnostically important since increased numbers of pathogenic types of T. hyodysenteriae are observed in the feces of swine showing the first clinical symptoms (diarrhea) of SD (8, 12) .
A similar situation exists in dogs in that in addition to the reported isolation of nonpathogenic types (12, 13, 21) , it has been recently reported that dogs may serve as carrier animals for 2 ' . hyodysenteriae (17) . These facts make the separation of the pathogenic and nonpathogenic isolates of T. hyodysenteriae of the utmost importance.
Both pathogenic and nonpathogenic T. hyodysenteriae isolates are members of the order Spirochaetales and family Spirochaetaceae (flexuous, helically coiled cells with serpentine motility and with a protoplasmic cylinder with axial fibrils and an outer envelope) (16). They are included in the genus Treponema by virtue of their size (5 to 15 pn long and 0.09 to 0.5 pm wide), anaerobic metabolism, and lack of catalase and oxidase. Other genera in the family include the leptospiras, which are aerobic, the borrelias, which are transmitted by ticks and lice, the cristispiras, which are very large (30 to 150 pn long) and have more than 100 axial fibrils, and the spirochetas, which are free-living.
According to the information in Bergey's Manual (16), pathogenic and nonpathogenic 2 ' . hyodysenteriae isolates can be differentiated from 2 ' . phagedenis because the latter ferments mannitol and produces propionic acid and several alcohols in addition to acetic and butyric acids. Treponema macrodentiurn produces lactic, acetic, formic, and succinic acids, which differentiates it from pathogenic and nonpathogenic T. hyodysenteriae isolates (both produce acetic and butyric acids). Separation of the species in the genus according to the Anaerobe Laboratory Manual (10) places pathogenic and nonpathogenic 2 ' . hyodysenteriae isolates with T. phagedenis biovar kazan, T. macrodentium, and T. oralis (aU hydrolyze esculin). Separation of these isolates from T. phagedenis biovar kazan is based on the mannitol fermentation reaction and products from glucose, whereas separation from T. macrodentium is based on sucrose fermentation and products from glucose. Finally, T. oralis digests gelatin, whereas pathogenic and nonpathogenic isolates of 2". hyodysenteriae do not.
The DNAs of both pathogenic and nonpathogenic isolates of T. hyodysenteriae have low guanine-plus-cytosine contents (25.7 to 25.9 mol%), as measured by thermal denaturation. In addition, they share a low level of DNA sequence homology (21%), which places them within the same genus but in different species (Miao et al., in press). The guanine-plus-cytosine ratios of these isolates are considerably lower than those reported for the other treponemes (37 to 52 mol%) (14, 16 and in the presence of 1% glycine. The three isolates so far included in the species reacted variably with respect to esculin hydrolysis and lactose, maltose, and glucose fermentation (see Table 2 ). Hemolytic (but less than 2". hyodysenteriae). Not pathogenic when orally inocuand at 42 and 37°C; iodoacetate tolerance; H2, COz, and indole production; pyruvate utilization; glucose and maltose fermentation; and esculin hydrolysis. Volatile fatty acid products of fermentation from glucose were acetic and butyric acids. Negative for: esculin, sucrose, lactose, fructose, and mannitol fermentation; lecithinase, lipase, oxidase, catalase, urease, H2S, and acetylmethylcarbinol production; growth at 25 and 30°C and in the presence of 1% glycine; nitrate reduction; and lactate utilization. Gelatin and hippurate were weakly hydrolyzed. Beta-hemolytic. Enteropathogenic for swine.
The isolates of T. innocens used in this study were from both dog and pig sources and were similar with respect to lack of enteropathogenicity, hemolytic pattern, morphology, and metabolic characteristics. 
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